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A 5-year-old girl presented with a 2-week history of
progressively worsening lower extremity pain, greater on the
right, with an inability to bear weight. She was clinically
tender over the distal tibia and fibula bilaterally. Initial labo-
ratory test results demonstrated a slightly decreased platelet
count but was otherwise unremarkable. Further blood work
showed nonspecific inflammatory markers of erythrocyte
sedimentation rate (81 mm/h; reference range, 0e20 mm/h)
and hypersensitive C-reactive protein (CRP) (256 mg/L;
reference range, 0.9 mg/L) were also increased. Diagnostic
workup included pelvic radiograph (Figure 1), 99mTc bone
scan (Figure 2), and magnetic resonance imaging (MRI)
(Figure 3) within 4 days of presentation to our hospital.
Diagnosis
Precursor B-cell acute lymphoblastic leukaemia.
Radiologic Findings
Radiographs were obtained of the pelvis; the only
abnormality was a subtle area of osteolysis in the right femur
distal to the femoral neck (Figure 1). 99mTc methyl
diphosphonate (MDP) bone scintigraphy was performed and
demonstrated an apparent increased uptake in the right
sacroiliac joint, right ischium, and left acetabulum, with
areas of photopenia in the right femur and the left iliac bone
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the lower limbs, but the MRI was quickly expanded to include
a whole-body scan. MRI revealed a nonuniform widespread
marrow replacing process throughout the appendicular skel-
eton and the pelvic bones. The spine and skull marrow was
unaffected. This marrow replacement was T1-weighted
hypointense and very subtle in the femur (Figure 3A) because
of the background low signal from red marrow in the more
proximal skeleton. T2 and short tau inversion recovery
(STIR) weighted MRI showed the marrow change to be
hyperintense, with nonuniform involvement of the bone
marrow of the appendicular skeleton and pelvis (Figure 3B
and C). Further, these sequences demonstrated hyperintense
areas where pathology extended into the soft tissues adjacent
to the right femur and left iliac bone (Figure 3B). The soft
tissues adjacent to the fibulae and left elbow were also
affected. The adrenals appeared normal, and there was no
adenopathy.
The differential diagnosis that corresponded with the
image findings of diffuse bone marrow replacement with
soft-tissue extension in a patient of this age would include
the following: metastatic neuroblastoma, Langerhans cell
histiocytosis, leukaemia, lymphoma, Ewing sarcoma, osteo-
myelitis, and red marrow hypertrophy either from severe
anaemia or disorders that affect hematopoiesis.Pathologic Findings
Initial blood work showed a slightly decreased platelet
count. Blood smear revealed mild neutrophilia with left shift
and mild reactive leukocytosis but no features to suggest
acute leukaemia. Before starting chemotherapy, 1 week after
presentation, her platelets had normalized, but there was
a slight drop in red blood cells and hemoglobin. Bone
marrow aspirate was performed on the same day of thell rights reserved.
Figure 1. Anteroposterior (AP) pelvic radiograph, demonstrating an osteo-
lytic (grey arrows) lesion of the right femur distal to the femoral neck.
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flow cytometry, and a repeated biopsy was required.
Immunohistochemistry stains did confirm the diagnosis of
precursor B-cell acute lymphoblastic leukaemia (ALL) with
positivity for terminal deoxynucleotidyl transferase (TdT);
Pax-5; CD10, 20, and 79a. The patient was stratified in the
‘‘average risk group’’ and started chemotherapy 3 days after
her MRI. More than 1 year later, she remained on mainte-
nance chemotherapy and was doing well, with no signs or
symptoms referable to her primary disease.Figure 2. 99mTc bone scintigraphy at the level of the pelvis, demonstrating subtl
photopenic right femoral lesion correlates well with the radiographic and magneti
sacroiliac joint, right ischium, and left acetabulum did not correspond to any maDiscussion
ALL is a bloodborne malignancy that involves progenitor
cells of lymphoid lineage. It affects both children and adults,
with approximately 4000 cases diagnosed annually in the
United States [1]. Two-thirds of those affected are children
[1]. The disease has a peak age of onset between 2 and 5
years of age and shows an increased prevalence in industri-
alized societies [2]. The precise pathogenesis of ALL is
unknown; however, hypotheses postulate that acquired pre-
leukaemic clone cells are inherited and a second postnatal
event causes a leukaemic transformation [2]. Until the 1950s,
childhood acute leukaemia was a near uniformly fatal
disease. Since then, the development of antileukaemic drugs
has led to improved survival rates. Today, overall cure rates
are approximately 80% for childhood leukaemia [1].
The clinical presentation of ALL includes anaemia,
thrombocytopenia, and neutropenia because of disruption of
normal bone marrow function. Secondary signs occur when
there is involvement of other organ systems, including
lymphadenopathy, splenomegaly, and hepatomegaly [3].
Typically, 61% of cases will present with fever, 42% with
lymphadenopathy, and 23% with bone pain [3]. As in this
case, bone pain is usually associated with near normal blood
counts, which can cause diagnostic delay [3,4].
Although definitive diagnosis of ALL requires bone
marrow biopsy, radiologic imaging can play a very important
role in the diagnostic workup. Sinigaglia et al [5] found the
number of ALL cases with radiographic lesions to be 40.2%
of 122 children with acute leukaemia. Of those with positive
radiologic findings, the two most common occurring lesions
are osteolytic lesions caused by leukaemic infiltration,e photopenic areas in the right femur and left iliac bones (grey arrows). The
c resonance imaging findings. Note that the areas of increased uptake of right
gnetic resonance imaging or radiograph findings.
Figure 3. Magnetic resonance images as follows: coronal T1-weighted image (TE ¼ 14 ms, TR ¼ 429 ms) of the pelvis and proximal femora (A), showing
subtle hypointense bone marrow involvement over the background of red marrow. Coronal short tau inversion recovery (STIR) image (TE ¼ 74 ms, TR ¼ 4500
ms) of the pelvis and proximal femora (B) illustrating the involvement of the right femur and left iliac bone as well as soft-tissue extension (white arrows). The
area of hyperintensity of the right femur (grey arrow) corresponds with both the osteolytic lesion seen on the previous radiograph (Figure 1), and the photopenic
area on bone scintigraphy (Figure 2). Coronal STIR image (TE ¼ 74 ms, TR ¼ 5620 ms) of the thorax (C), demonstrating involvement of both humeri and lack
of involvement of the spine. The adrenal glands appear normal, and there is no adenopathy.
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lucent metaphyseal bands because of interference with
osteogenesis at the epiphyseal growth plates [5]. Other
abnormalities also encountered include osteopenia, osteo-
sclerosis, periosteal reactions, and, less commonly, pathologic
vertebral compression fractures [5,6]. To our knowledge, there
are no systematic studies regarding the incidence of skeletal
lesions visible on MRI in leukaemia. Although musculoskel-
etal complaints and radiologic findings are commonly found in
childhood ALL, there is a poor correlation between them [5].
Furthermore, there is only a limited number of reports in
the literature of ALL presenting with extramedullary
involvement at first presentation [7]. Extramedullary
involvement, however, is often reported in cases of acute
myeloid leukemia and relapsed ALL [8e10].
In patients who present with fever and bone pain, bone
scintigraphy may be useful in the diagnostic workup, because
it can help rule out metabolic or infectious causes for the
symptoms [6]. Although nonspecific, bone scintigraphy may
also provide the first indication leukaemia is present [6]. Bone
scintigraphic abnormalities may be present in up to 75% of
patients with ALL and is from bone infiltration that leads to
tumour-induced osteoblastic activity, which corresponds to
increased uptake of radiotracer [6,11]. The metaphyseal
regions of the lower limbs are most commonly affected [6].
Scintigraphic evidence of diffuse skeletal involvement can
also be seen during a blast crisis [6]. Furthermore, areas of
focal infiltration with no surrounding osteoblastic activity can
create areas of photopenia, as seen in this case [6].
MRI is an ideal noninvasive method of imaging in the
workup of patients with ALL. Screening, staging of disease,
biopsy planning, and treatment monitoring are all appro-
priate indications for MRI [12]. Marrow screening in chil-
dren with suspected ALL is important and may help to
eliminate unnecessary biopsies [13].The conversion from hematopoietic (red) marrow to fatty
(yellow) marrow is a dynamic process that begins at birth.
On T1-weighted MRI sequences, red marrow is hypointense
and yellow marrow is slightly hyperintense [14,15]. In the
newborn, bone marrow is almost entirely red marrow and is
rapidly converted to yellow marrow, beginning in the distal
appendicular skeleton and extending centrally to the axial
skeleton [14]. The conversion in the long bones begins in the
diaphyses between the ages of 1 to 5 years of age, seen as
a homogeneous hyperintensity on T1-weighted images and
hypointensity on T2-weighted images, and the process is
completed with conversion in the metaphyses occurring by
11e15 years of age [14,15]. An understanding of the timing
of this dynamic process is essential for detecting bone
marrow abnormalities in children.
Bone marrow involvement by leukaemic cells modifies the
balance between fat and other cellular marrow components,
which results in the changes seen on MRI [12]. Three recog-
nizable patterns of bone marrow involvement are found in
children with leukaemia: diffuse uniform, diffuse nonuniform,
and patchy [16]. With respect to children with ALL, the T1
relaxation times are significantly longer, which correspond to
T1 hypointensity and T2 hyperintensity when compared with
aged-matched controls [8,15]. In this case, diffuse nonuniform
bone marrow involvement of the appendicular skeleton and
pelvis is seen, and the rest of the axial skeleton was not
involved.
Currently, the use of fast spin-echo (SE) STIR MRI in
children is popular because most pathologic tissue results in
high signal intensity from prolonged T1 relaxation times and
T2 decay times [11]. It has the added advantage of speed,
being able to image the entire body in a short amount of
time, with no ionizing radiation, which makes it very
advantageous for screening in children [11]. Unfortunately,
the patterns of bone marrow involvement seen on MRI are
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metabolic disorders, infection, trauma, and necrosis [12].
Thus, both standard MRI and Fast SE STIR findings must
always be correlated with the clinical situation [11,12].
In summary, our case illustrates both the main imaging
features of acute lymphoblastic leukaemia in children and
a rare finding of soft-tissue extension at presentation.
Furthermore, it highlights the importance of MRI, specifi-
cally STIR sequences, in bone marrow assessment. MRI has
an advantage over other imaging modalities in its ability to
definitively demonstrate soft-tissue involvement as is
demonstrated in our case. During this case, MRI was used to
scan the entire body for bone marrow involvement of
leukaemia. MRI also helped narrow the differential diagnosis
by demonstrating the lack of adenopathy and normal adrenal
glands. Finally, MRI was used to help guide the clinicians to
the ideal biopsy site of the left iliac crest to maximize the
yield for tissue biopsy, which ensured a timely and accurate
diagnosis.
To conclude, the diagnostic workup for a child with sus-
pected ALL is difficult. All imaging modalities can be used,
but it is MRI that is the most useful. Fast STIR sequences aid
in imaging children quickly and can show true involvement
of bone marrow with or without soft-tissue extension. This
soft-tissue extension is not often seen in the initial presen-
tation of ALL but should be recalled when reviewing
potential cases.
References
[1] Pui CH, Evans WE. Treatment of acute lymphoblastic leukemia. N
Engl J Med 2006;354:166e78.
[2] Pui CH, Robison LL, Look AT. Acute lymphoblastic leukaemia. Lancet
2008;371:1030e43.[3] Margolin J, Steuber CP, Poplack DG. Acute lymphoblastic leukemia. In:
Piazzo P, Poplack DG, editors. Principles and Practice of Pediatric Oncology.
5th ed. Philadelphia, PA: Lippencott Williams & Wilkins; 2006. p. 538e90.
[4] Jonsson OG, Sartain P, Ducore JM, et al. Bone pain as an initial
symptom of childhood acute lymphoblastic leukemia: association with
nearly normal hematologic indexes. J Pediatr 1990;117:233e7.
[5] Sinigaglia R, Gigante C, Bisinella G, et al. Musculoskeletal manifes-
tations in pediatric acute leukemia. J Pediatr Orthop 2008;28:20e8.
[6] Bernard EJ, Nicholls WD, Howman-Giles RB, et al. Patterns of
abnormality on bone scans in acute childhood leukemia. J Nucl Med
1998;39:1983e6.
[7] Urs L, Stevens L, Kahwash S. Leukemia presenting as solid tumors:
report of four pediatric cases and review of the literature. Pediatr Dev
Pathol 2008;11:370e6.
[8] Liu HC, Hung GY, Yen HJ, et al. Acute sciatica: an unusual presen-
tation of extramedullary relapse of acute lymphoblastic leukemia. Int
J Hematol 2007;86:163e5.
[9] Chessells JM, Veys P, Kempski H, et al. Long-term follow-up of
relapsed childhood acute lymphoblastic leukaemia. Br J Haematol
2003;123:396e405.
[10] Byrd JC, Edenfield WJ, Shields DJ, et al. Extramedullary myeloid cell
tumors in acute nonlymphocytic leukemia: a clinical review. J Clin
Oncol 1995;13:1800e16.
[11] Kellenberger CJ, Epelman M, Miller SF, et al. Fast STIR whole-body
MR imaging in children. Radiographics 2004;24:1317e30.
[12] Vande Berg B, Lecouvet FE, Michaux L, et al. Magnetic resonance
imaging of the bone marrow in hematological malignancies. Eur Radiol
1998;8:1335e44.
[13] Moore SG, Gooding CA, Brasch RC, et al. Bone marrow in children
with acute lymphocytic leukemia: MR relaxation times. Radiology
1986;160:237e40.
[14] Babyn PS, Ranson M, McCarville ME. Normal bone marrow: signal
characteristics and fatty conversion. Magn Reson Imaging Clin N Am
1998;6:473e95.
[15] Ruzal-Shapiro C, Berdon WE, Cohen MD, et al. MR imaging of diffuse
bone marrow replacement in pediatric patients with cancer. Radiology
1991;181:587e9.
[16] Bohndorf K, Benz-Bohm G, Gross-Fengels W, et al. MRI of the knee
region in leukemic children. Part I. Initial pattern in patients with
untreated disease. Pediatr Radiol 1990;20:179e83.
